Abstract -Melipona favosa consistently deposited anal excretions while foraging. Anal depositions were released more frequently and by more bees on artificial food sources at a greater distance from the nest. Our hypothesis that these deposits serve as scent marks is supported by experimental evidence regarding the choices made by foraging bees arriving at food sources either with or without anal excretions. The clearly reduced visitation rate in the experimental situation without depositions indicates the importance of these cues during visitation of the food source. 
INTRODUCTION
The communication systems of eusocial stingless bees (Apidae, Meliponini) (Michener et al., 1974) differ from those of honey bees. It is well known that Apis mellifera transmits information about direction and distance of the food source by performing dances on the vertical combs in the nest. This locomotive signal is accompanied by
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The deposition of anal excretions by Melipona favosa foragers (Apidae: Meliponinae): behavioural observations concerning the location of food sources Ingrid AGUILAR a *, Marinus SOMMEIJER b Nieh, 1998; Wilson, 1971; Wille, 1983) , and piloting (Esch, 1967; Esch et al., 1965) . As in honeybees the odour of the food source plays an important role in recruitment: the impregnated odour on the body and mouth parts of foragers gives information to nestmates (Esch et al., 1965; Lindauer and Kerr, 1960; Michener, 1974) . A combination of cues and signals allows at least some stingless bees to communicate the location of a food source in three dimensions (Lindauer and Kerr, 1960; Nieh and Roubik, 1995) compared to two-dimensional communication in honeybees (von Frisch, 1967; Lindauer and Kerr, 1960) . In Melipona panamica, for example, the duration of sounds emitted during unloading is correlated with the height of the food source (Nieh and Roubik, 1998) . In various Melipona species the duration of sounds emitted while dancing is positively correlated with the distance to the food source (Esch et al., 1965; Michener, 1974; Nieh and Roubik, 1998) . The direction of the source is probably communicated outside the nest by means of the pilot system (Esch et al., 1965; Michener, 1974) . In this system a group of bees follows a guide bee to the food source. In addition, scent marking along the route (Lindauer and Kerr, 1960) and a scent beacon deposited by the bees near a food source (Nieh, 1998) seem to guide newcomers to the indicated food source.
Communication about food source location by means of scent marks in stingless bees
Scent marks are used as a communication method in at least 24 stingless bee species. Not only do foragers deposit mandibular scent marks at the food source, they also place these marks on the ground or vegetation (Lindauer and Kerr, 1960) . The distance between scent marks is reported to differ from species to species. The effect of such marks may last for 8 to 19 minutes (Kerr et al., 1981) . Most of these studies state that scent marks consist of secretions from mandibular glands (Johnson, 1987; Kerr 1969 Kerr , 1994 Kerr et al., 1963 Kerr et al., , 1981 Lindauer and Kerr, 1960) . In addition to mandibular secretions, foragers of different Melipona species leave anal excretions at or near the food source (Kerr, 1994; Nieh, 1998 and preliminary obs. by first author on M. favosa). The role of these anal droplets in food source communication is still unknown. Nieh (1998) states that foragers of M. panamica do deposit a scent beacon at the food source, but that neither mandibular nor anal secretions, nor the sucrose solution itself are the origin of it.
To increase our knowledge on the role of scent marks in communication we studied the deposition behaviour of anal excretions by M. favosa workers in relation to the distance from a food source. We also examined the effect of these excretions on the behaviour of other foragers.
MATERIALS AND METHODS

Bee species and study site
Two queenright colonies of Melipona favosa (about 275 bees at the end of September) from Trinidad and Tobago (West Indies) were housed in wooden observation hives and installed in a large tropical greenhouse (1.5 ha) at Burgers' Zoo, Arnhem, The Netherlands. We collected data on foraging behaviour from July until October 1995. During the study the minimum day temperature was 21 °C and the maximum temperature was 32 °C. The relative humidity was between 65% and 95%.
Training, foraging on food sources at different distances and anal excretions
Bees of M. favosa were individually marked with paper tags with two-letter
Effect on the visitation rate
We studied the effect of the depositions on bees flying to the food source 17 m away from the hive. We trained the bees for at least 15 min at a feeder 10 m from the hive, then the feeder was moved to a new distance 17 m from the hive. With the feeder at 17 m we started the experimental situation (1) in which we removed all depositions. We compared the flight frequency and frequency of excretion with a control situation (0) where excretions were left in place. We replaced the glass plate each time an excretion was deposited during the experimental situation and cleaned all of the plates with 70% alcohol at the end of the day. One observation period consisted of observations of 2 × 30 minutes (30 min: experimental setup and 30 min: control setup). There was a 15 min break between the two half hours. We noted the time of arrival of individual bees upon every flight to the feeder. The time of arrival was taken to be the moment a bee started to drink for the first time.
Effect on how bees locate and arrive at the feeder
We studied the effect of depositions on the timing and behaviour of the first arrival at a feeder that was moved to a new place. After training the bees for at least 15 minutes at a feeder 10 m from the hive, it was moved to a new place with different distance and direction. Once we placed the feeder in the new position the period of 30 min observations started. The experimental setup (1) consisted of 30 min observation using a clean plate which was replaced by a clean one before the observation started. In the control setup (0) the excretions were left in place.
We defined the time when the feeder was located as the time a bee came circling within one metre of the feeder. The difference between the time when feeder was located and the actual landing at the new codes. We trained the bees to visit a feeder with 2 M honey solution. Once they had started visiting the feeder, we gradually moved it farther away to selected distances from the hive: 1 m, 9 m, 21 m, 36 m and 49 m.
We recorded data about the behaviour and the arrival time of individual bees landing at the feeder. Observation periods lasted one hour for each distance. Particular attention was given to the deposition of excretions at the feeder or on plants in the surroundings. We measured the volumes of the anal excretions using calibrated capillary tubes (Drummond 5 µl). We collected fresh drops immediately after deposition and analysed the carbohydrate (Carroll et al., 1956) and the protein contents (Schacterle and Pollack, 1973) .
Effect of food concentration on the frequency of anal excretions
To test whether sugar concentration influenced the frequency of anal excretions, we used three concentrations (0.5 M, 1.0 M and 2 M honey-water, using a 80% honey, weighed with a Hand Refractrometer ATAGO Type 500). We trained the bees to visit a feeder 9 m from the hive. We offered a series of honey solutions (2, 0.5, 2, 1, 2 M) for 30 min. We performed an analysis for a total of 18 × 30 minutes. Each sequence was presented on a single day, around midday. Data about the frequency of anal excretions was collected using the "one-zero sampling" method (Lehner, 1979) .
Measuring the effect of anal excretions on bee behaviour
We fed the foragers using a small container placed on a removable glass plate (20 × 20 cm). Instead of honey we now used 2 M sugar water solution to prevent influence of the odour of the food itself.
feeder was called the "orientation time". Furthermore, we recorded the total number of flights carried out and how many times the bees deposited excretions on the feeder.
Effect on feeder preference
To analyse whether bees discriminated between a cup (block of plexiglass 2 × 2 × 0.5 cm) with and a cup without anal excretions, cups were placed only 5 cm apart and on the same feeder. For this, we first trained the bees at the feeder placed at a distance of 10 m from the hive and with only one cup. We allowed anal excretions to be deposited during a period of 15 min. Thereafter we put the control cup without anal excretions 5 cm apart from the cup with anal excretions. Control and experimental cups were shifted randomly during the observations. We repeated this experiment 60 times and between the repetitions we put the marked feeder back in the middle of the short distance between experimental and control cup.
Statistical analysis
We tested the association between the frequency of anal excretions and distance using the stratified χ 2 -test for trends (EGRET programme). We tested for the effect of different sugar concentrations using the Chi-square test. The effect of anal excretions on visitation rate, arrival time and preference were tested using the t-test.
RESULTS
Flight pattern and behaviour at feeder
Three minutes after we had started training by offering food at the entrance to the nest, a forager made its first flights, but not in a straight line to the feeder. These flights were in a zigzag pattern or around the feeder. The area covered by the first flights was larger than that during the following flights when the feeder was gradually located by zig-zag movements. Bees spent some time resting somewhere near the feeder, where they performed standing, pumping abdomen and body grooming activities.
Bees at the feeder never had direct social interactions with other bees. Most common activities were: landing, walking, resting, pumping the abdomen, depositing anal excretion and grooming. Less common activities during standing were moving mandibles (opening and closing), trembling and extending the proboscis. After one and a half hour of foraging the bees started rubbing mandibles on the edges of leaves of plants near the feeder. This behaviour resembles the behaviour described by Kerr (1994) . We observed bees rubbing mandibles on the edge and horizontal surface of the feeder, and the edges of plant leaves near the feeder. They also dragged their venter over the substrate.
Deposition of anal excretion
After food uptake bees sometimes released a droplet from the distal part of their abdomen on the substrate. While depositing, they often moved the abdomen to the left and right in a zigzag manner, scattering the droplet over the substrate. Occasionally they released an excretion with a small squirt. Sometimes two drops were deposited, the first being bigger than the second. Foragers also deposited anal excretions over an area of 14 × 14 cm on the feeder plate very close to the small food container (87%, N = 141), (total feeder table area is about 20 × 20 cm). Autogrooming or standing behaviour sometimes preceded the anal deposition behaviour. After the deposition the bees flew off; sometimes they left excrement at the feeder table. The excrement consisted of a viscous orange liquid, which smelled like pollen from the storage pots. We never saw bees ingesting the anal excretions. Deposited excretions always originated from the anus.
When the distance between the hive and the feeder was more than two metres the bees deposited excretions not only on the feeder but also on plants around it. Bees did not deposite anal excretions while taking up food at 1 m. Foraging bees (N = 8) were seen depositing an anal excretion during their first flight on the artificial feeder. During training the bees deposited anal excretions on leaves near the old position immediately after the feeder was moved out to the selected distance.
Effect of sugar concentration
There was no difference between the number of anal excretions deposited by bees feeding from different sugar concentrations (Chi-square test: χ 2 :1.40, p = 0.50). Bees that imbibed food with the lowest concentration did not deposite significantly more anal excretions than bees that imbibed food with the highest concentration (35.36% and 26.1% respectively, Chi-square test: χ 2 : 1.38, p = 0.24).
Do anal excretions influence bee behaviour?
Visitation rate
The visitation rate (number of flights each individual performed in 30 minutes) was 
Effect of distance on frequency of anal excretions
There was a significant positive association between the distance of the food source and frequency of the excretions (χ 2
[1] = 210.87, p < 0.001) (Fig. 1) . Anal excretions also occurred before food uptake. We found that the release of excretions before feeding was more frequent over the medium distances of our experiment; in parenthesis the total number of excretions before uptake, two repetitions at each distance: 1 m: 0%, 9 m: 2.34% (N= 14); 21 m: 4.3% (N = 21); 36 m: 11.6% (N = 42) and 49 m: 1.27% (N = 2).
Bees visiting the feeder deposited anal excretions at least once. The percentage of bees depositing peaked at 70 to 80% when feeders were more than 21 m from the nest (Fig. 2) . significantly lower in the experimental situation where anal excretions were systematically removed upon being deposited, than in the control situation (average 18.0 and 20.4 respectively; t-test, df = 176, p = 0.0006; Fig. 3 ). The number of depositions was similar in both situations (average 4.7 and 4.8 respectively; t-test, df =105, p = 0.9, Fig. 3 ).
The arrival time (the time a bee starts drinking for the first time) was twice as long in the experimental observations than in the control situation (136.1 s ± 286.2 and 72.0 ± 155.0 respectively; N = 89 bees); the difference was significant (t-test, df = 176, p = 0.008).
The effect of anal excretions on the behaviour upon arrival at the feeder
We recorded the behaviour of the bees in 14 observational periods with the feeder placed in a new position (different direction or distance). Twenty-five bees participated in the control observations (feeder with anal depositions; six sessions) and in the experimental observations (new feeder without depositions; eight sessions). Generally the individual bees arrived alone and took time to orient themselves. There is no effect of the anal excretions on the timing and behaviour of the first arrival at the artificial food source There was a positive relationship between the frequency of excretions and distance up to 49 m from the colony.
Several explanations may explain the function of this behaviour. First, the deposition of anal excretions may be used for self-communication. The more frequent release of anal substances at larger distances could be a technique used by bees who find it more difficult to find the food source and thus have more need to mark that location. This strategy seems reasonable because of the environment they inhabit, tropical forest, where the role of the landmarks in their communication systems is still unknown. The second explanation could be that anal excretions are used as a recruitment strategy. It is possible that the information transferred inside the nest gives only partial recruitment information and experienced foragers need to add more cues near the food source. This explanation is supported by Jarau et al. (2000) , they found that communication of distance in M. scutellaris and M. quadrifasciata is not accurate. These species communicate distance only up to 30 m and 40 m from their hives respectively. Also, this explanation could be valid particularly when it was found that the newcomers (M. panamica) obtained directional information outside the nest by a mechanism yet undiscovered, while height and distance were communicated inside apparently through the pulsed sounds produced (Tab. I). We saw again a tendency of the visitation rate to be lower when a feeder without depositions was used. Moreover, the visitation rate was not significantly lower on the feeder without anal excretions (t-test, df = 37, p = 0.3).
Preference between food sources
In this experiment with 60 repetitions 293 separate flights took place. We recorded whether a bee opted for the clean feeder or a feeder with depositions. Bees had a very high preference for the feeder with depositions (68.3%, t-test, df =118, p = 0.0001).
DISCUSSION
Frequency of anal excretions
There have been earlier reports that Melipona species deposit scent marks in order to recruit newcomers to a specific place (Kerr and Ferreira, 1963; Kerr et al., 1981) . However, they do not give clear details of the deposition behaviour or its function and solely imply that the scent marks are mandibular gland secretions (Kerr and Ferreira, 1963; Kerr et al., 1981; Lindauer and Kerr, 1960) or urine (Kerr and Rocha, 1988) . On the other hand, the results of our study show that Melipona favosa systematically deposits anal excretions on substrates during foraging at artificial feeders. Table I . The effect of depositions on the behaviour of the bees upon arrival at the feeder after transfer of the feeder to a new spot. Control setup with depositions (0) and experimental setup without depositions (1). The mean and S.D. are given in seconds or minutes. The probabilities of the t-test are given in the lower row. by recruiting foragers (Nieh and Roubik, 1998) .
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On the other hand, recruits of M. panamica can orient to a scent beacon only when they are 6-12 m from the food source (Nieh and Roubik, 1995) . Nieh and Roubik (1998) found that after replacement of the feeder by a clean feeder and removal of trained M. panamica bees, significantly more newcomers still arrived at the training feeder. Their result shows that foragers can communicate distance inside the hive; nevertheless, they did not remove the anal excretions left on the vegetation, around the feeder or elsewhere between hive and feeder. The clean feeder substitution did not eliminate food odor and anal excretions deposited by foragers in the region from hive to feeder station. That could also be an additional part of the information for newcomers to reach that place.
The third possible explanation would be that anal excretions are used to excrete excess of water which allows for larger nectar volume to be carried and/or lowers bee mass which reduces flight (Nieh and Roubik, 1998) . Our approach indicates that anal excretions are not merely water excess. We expected an increase in the frequency of anal excretions as food source becomes more diluted (e.g. in M. panamica) (Nieh, 1998) , nevertheless, we observed that bees that imbibed food with the lowest sugar concentration did not deposite significantly more anal excretions than bees that imbibed food with the highest concentration. Consequently, we can hardly say that anal excretions are deposited by stingless bees to reduce their weight or the flight cost. In Apis mellifera the excretion of a large volume of water has a high metabolic cost (Visscher et al., 1996) . This could explain how it can be that M. favosa foragers deposited a larger volume of anal excretion at a shorter distance from the hive. Furthermore, study of different glucose concentrations carried during flight by A. mellifera carnica demonstrated that only a minimum quantity of water reached the rectum (Crailsheim, 1988) .
What remains unclear in our study is that as a function of foraging in M. favosa the percentage of anal excretions before uptake increased with increasing distance up to 36 m, but a decrease at the 49 m station was observed. We may consider that other osmoregulatory problems could be the cause of water production during flight, for instance, this is the method by way of water foraging honeybees gather small amounts of sugar (Visscher et al., 1996) or as happens to Xylocopa capitata, where water excretions are the result of the low concentrations of Na and K in the nectar they ingested (Nicolson, 1990) . Therefore, we may think about why for some stingless bees (e.g. the small Plebeia frontalis [personal observation] or the large Melipona favosa and M. beecheii) excretions of metabolic water would be an advantageous proceeding.
The anal depositions in the communication system of M. favosa
On the basis of our findings in this enclosed environment, we hypothesise that the release of anal excretions on and around the feeder may serve as communication during foraging for M. favosa. We clearly observed that bees preferred the food source with the anal excretions, thus such deposits could serve to localise the food source. The clearly reduced visitation rate in our experimental situation without depositions (p = 0.0006) indicates that experienced bees are attracted to their own odour (perhaps the anal excretions' odour). As we worked mostly with trained bees these results may support the self-communication hypothesis.
Further, there is a less-defined group of scents used by social insects which may attract other individuals, for example, the food odour, the bee odour, the colony odour including other odoriferous substances can be important only for experienced bees or for others.
We found that the scent of the depositions stimulates the bees to reduce the time they need for a round trip. However, an important aspect in this particular experiment has to be mentioned: in most of the observational periods, the bees were familiar with the replacement from the training place at 10 m to 17 m at the start of the observation. Thus this experiment is not sufficient in finding a clear effect of the depositions on arrival. More observations have to be made with similar experiments.
In conclusion, it is possible that scent of the anal excretions should have an effect on large distances, although it could not be observed clearly in this study. Much more research is needed in order to know if anal excretions have a communicative function, basically because it is difficult to analyse a complex mixture of substances which might be present in very small quantities. The anal excretions may contain a scent beacon deposited during deposition of the anal excretions, its own odour and probably the food odour. It is less feasible that the latter could play a role in communication in M. panamica because they always landed at the training feeder whether or not they were food-scented (Nieh, 1998) . Finally, the physiological causes of the anal excretions and their relation to stingless bee metabolism is an important aspect yet to be taken into account for future research.
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produced by exocrine glands (Butler, 1970) . For instance, the sting apparatus is absent in the stingless bees but there is a vestigial sting poison sac in some species (e.g. M. quadrifasciata) (Kerr et al., 1962) , as well as, it seems they have a single gland opened at the end of the abdomen which has been considered a vestige of Dufour's gland (Lello, 1976) . Unfortunately, information on the function of single glands of stingless bees is not available, nor their behavioural significance (Duffield et al., 1984; Lello, 1976) . The fact that anal depositions were found to contain minor quantities of carbohydrates and protein indicates that such glandular secretions may be released in the anal excretions. Also, research by Jarau et al. (2000) indicates that recruited bees of M. scutellaris search for a food source smelling like a sample previously taken inside the hive. This approach suggests that the odour of the food is one of the most important factors in communication in this species.
Thus, the anal excretions may play a role as a cue to forager bees along the route to the food source as a side effect that it can be used as food source information. This is similar to the fecal pellets of the termite Nasutitermes corniger and the ant Myrmica ruginodis that serve to lay a scent trail (Butler, 1970) . Anal excretions can also be used (e.g. X. capitata) in defence of the nest (Nicolson, 1990) . The assumption that the anal excretions may emphasise the trajectory to the food source could explain why newcomers arrived equally at both feeders (opposite direction from hive), during remotion of experienced M. panamica foragers from potential newcomers (Nieh and Roubik, 1998) , they were not allowed to lay the anal excretions. Nieh (1998) 
